Maturation of neurotransmission at cholinergic synapses formed in culture by rat retinal neurons: regulation by cyclic AMP.
The objective of this study was to investigate how the maturation of neurotransmission is regulated. We used a retina-muscle cell culture system to explore the effects of cyclic AMP analogues on the developmental step in which a presynaptic neuron acquires the ability to transmit excitatory information across a synapse. Cholinergic neurons dissociated from the perinatal rat retina form synapses in culture with rat striated muscle cells. Early in the functional maturation of these retina-muscle synapses, there is a period in which the release of acetylcholine occurs spontaneously, but cannot be evoked. This stage is followed by the emergence of transmitter release that is stimulus-evoked. We report here that exposure of cultured embryonic neurons of the rat retina to 8-bromo-cyclic AMP precociously induced in these neurons the ability to release acetylcholine at synapses in response to excitatory stimulation. This effect on synaptic development could be mimicked by an inhibitor of phosphodiesterase, isobutylmethylxanthine. The results of a variety of experiments lead us to propose that 8-bromo-cyclic AMP may accelerate the development of neurotransmission by influencing presynaptic events linking neuronal depolarization with acetylcholine release. Our data support the hypothesis that cyclic AMP may be an intracellular mediator for developmental signals which regulate the emergence of effective neurotransmission across nascent synapses.